Introduction
The financial turmoil in the Asia-Pacific region in the 1990s has sparked intense interest in the ongoing international financial integration and the co-movements between foreign exchange markets. The impact of China's phenomenal economic growth is being felt around the world as the country establishes itself as a driver of global economic trends mainly in terms of its exports.
1 With more than two decades of market-oriented reforms, China has become an international production hub which combines a vast supply of cheap labour with an economy that is unusually open by international standards. China's trade openness is illustrated by the fact that its total exports and imports expressed in terms of GDP reached 75 percent in 2004, while the equivalent figures for Brazil and India resided around the 25-30 percent mark. China's impact upon the world economy therefore manifests itself as a substantial supply shock. As a result global trade patterns and production structures in the rest of the world are forced to adjust to accommodate such sweeping changes.
As China is unusually open to trade, China's development is not just a driver of global growth, its also exerts a profound impact on other Asian economies. Whereas twenty years ago the rest of the world may not have been unduly concerned if China's growth faltered, today it would be a very different story. Advanced economies are concerned about a hollowing out of their manufacturing industries, and neighbouring Asian countries are even more exposed given their close geographical proximity. In recent years this development has been spurred by the unbundling and offshoring of production processes. Indeed, Greenaway et al. (2006) have demonstrated by means of gravity modelling framework that China´s sustained export growth has displaced other Asian countries´ exports in third markets. They also note that trade links between China and Asian countries have strengthened considerably over the sample period 1990 -2003. Asia has even overtaken the euro area with respect to the ratio of intra-regional trade to GDP.
On July 21, 2005, after more than a decade of pegging the renminbi to the U.S. dollar at an exchange rate of 8.28, the People´s Bank of China (PBOC) announced a revaluation of the currency and a reform of the exchange rate regime. 2 As a result of this reform, the PBOC now manages the renminbi against an undisclosed basket of currencies of the 1 See Rodrik (2006) for a comprehensive analysis of China´s export success. main trading partners. 3 Greater flexibility in China's exchange rate is viewed as an essential element of a global response to the existing macroeconomic imbalances in the world economy.
In light of this, the Chinese currency's future path, as well as in co-movements across Asian currencies, has been under rigorous scrutiny not only from academic economists but also from institutional investors in recent times. Such scrutiny is all the more pertinent for those interested in the economic performance of China's Asian trading partnersnot only are they weighted significantly in China's trade-weighted index, but China is also an important trade partner for them. As a consequence, the PBOC´s exchange rate policy is likely to influence the path of many Asian currencies. Indeed, Ho et al. (2005) and
McKinnon (2005) have recently predicted an increasing orientation of East Asian countries´ exchange rate policies towards that of China in an effort to retain competitiveness against China. The sheer size of the Chinese economy will ensure that the renminbi plays an increasingly central role in East Asia and may lead to the renminbi acting as an anchor currency in East Asia -a view commonly referred to as the Chinese dominance hypothesis. Such a state of affairs raises the question of exactly how integrated are Asia´s exchange rate markets. Our analysis aims to shed light on this very issue.
An important feature of many Asian countries is that on-shore forward exchange rate markets do not exist. We circumvent this problem by using both on-shore and offshore non-deliverable forward (NDF) exchange rates to provide insights into the following four issues:
(1) Are the forward exchange rates under consideration characterised by regime switching and how many states can be identified?
(2) How common are low versus high volatility regimes and how persistent are the regimes? This paper is organised as follows: Section 2 describes the dataset used and establishes a set of stylised facts. Section 3 provides a brief sketch of the background of ARCH models whose conditional variance "jumps" between regimes. Section 4 presents the empirical results and discusses the performance of the various models. Section 5 summarizes the main findings of this study.
Data description and preliminary data analysis
Our empirical investigation is built upon an analysis of forward exchange rates, but with a number of novel considerations included. We first present the dataset employed in our study, highlighting the main features of the markets for NDFs in Asian currencies. The evolution of forward exchange rate markets, which are considered a gauge of the anticipated direction of a change in the value of a currency, is closely monitored by diverse economic agents. Unfortunately, several emerging market economies restrict the access of foreign firms and international investors to on-shore financial markets and therefore forward markets either do not exist or are underdeveloped. The underdeveloped forward markets reflect the shallowness and narrowness of their domestic financial markets rendering them more vulnerable to swings in global capital flows. Since the early 1990s, however, some international banks have been offering an offshore, over-the-counter market in NDFs for many emerging-market currencies, Chinese renminbi included.
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In order to analyse comovements across Chinese and Asian forward exchange rates, we use weekly returns of U.S. dollar futures for nine Asian countries which can be classified into one of three groups: (1) China, (2) the "mature Tigers" (Hong Kong, Korea, Singapore and Taiwan), and (3) the "new Tigers" (Indonesia, Malaysia, Philippines, Thailand). The dataset therefore includes those countries which experienced the greatest extent 4 Since August 2005, a Chinese on-shore interbank forward market exists with eight foreign currency pairs currently trading. Yet, to date this small and shallow market is still hampered by low liquidity with volume trivial and a lack of independent pricing. In fact, market participants in the onshore market largely base their quotes on the prices on the prices in the NDF market.
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Volatility dependence across Asia-Pacific on-shore and off-shore U.S. dollar futures markets 8 of economic and financial turmoil during the Asian crisis 1997-98 -a crisis which was entirely unpredicted. Our dataset includes on-shore and off-shore forward exchange rates with maturities from one month to eighteen months. Contracts with maturities longer than twelve months, however, are too thinly traded to serve as a reliable market indicator. Considering that the NDF markets began trading in full scale in 1997, our sample starts in 1998 and covers the period from 1 January 1998 to 23 March 2005 (377 weekly observations).
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All data are obtained from Citibank in Hong Kong. The country coverage is given in Table 1. 
The table shows the data availability for all countries in the sample. √ indicates data availability. All data are currency option quotes in Hong Kong provided by Citibank and the observations are recorded at the close of business (average of the closing bid and the offered rates).
As with standard forward contracts, NDFs involve the fixing of exchange rates for conversion on a future date. However, unlike forward contracts, there is no delivery of underlying foreign currency. Instead, the net U.S. dollar is settled with a compensating payment made or due based upon the difference between the NDF contract rate and the exchange rate prevailing at maturity. Effectively, the NDF user is financially protected from exchange rate fluctuations by the compensating U.S. dollar payment paid or received based upon the NDF fixed rate even though there is no exchange of foreign currency. As distinct from standard deliverable forwards, NDFs trade offshore, i.e. outside the jurisdiction of the authorities of the corresponding currency.
5 Following the SWARCH literature, our dataset comprises weekly return observations. The choice of weekly instead of daily data avoids timing pitfalls and mitigates the potential bias upon statistical inference induced by infrequent and/or nonsynchronous trading as suggested by Harvey (1995) . 3 -m o n th s fo rw a rd ra te 6 -m o n th s fo rw a rd ra te 9 -m o n th s fo rw a rd ra te 1 -ye a r fo r w a rd ra te
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In order to inspect the data in more detail, Figure 2 displays the various weekly return series for 3-months and 1-year maturity. A few general observations are in order: First, the graphs clearly demonstrate that volatility often increases substantially over a short period of time at the onset of a high-volatility period. These turbulent periods may indicate an overreaction to news, possibly due to a prevailing panic-like mood, or changes in agents´ expectations about the future. 7 Second, as one would expect, in most countries the one-year contracts are characterised by higher volatility than the three-months contracts. Third, the existence of at least two regimes is clear from even a casual inspection of the graphs. Finally, all the series appear to have fat-tailed distributions relative to the normal distribution with significant volatility clustering. 7 The forward rate incorporates both expectations about the expected future spot rate, and a currency risk premium. Systematic forward rate prediction errors may arise from peso problems and rational learning about the environment. Using data from 1996 , Frankel and Poonawala (2006 have recently demonstrated that in emerging markets the forward discount bias is smaller than in advanced economies. Given the high riskiness of emerging currencies, this empirical finding indicates that the source of the forward discount bias may not be ascribed entirely to the risk premium. As a useful next step in our analysis, some stylised facts for each of the series are provided in Table 2 and Table 3 .
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Volatility dependence across Asia-Pacific on-shore and off-shore U.S. dollar futures markets These properties suggest using a modelling framework which allows for serial correlation in the conditional variances. To assess possible time-variation as well as structural breaks, a flexible econometric modelling technique which takes into account both strong volatility clustering and structural breaks is certainly desirable. One drawback of such an approach is that the timing of regimes is notoriously difficult to estimate. Based on this economic reasoning, as well as on existing literature in this area, we pursue the SWARCH avenue of investigation to add power to the analysis. This methodological design permits conditional volatility to be both time-and state-dependent while the volatility regimes are identified and estimated endogenously. We now consider this methodology in greater detail.
The SWARCH modelling framework
A number of different empirical methodologies have been applied in the literature to study the degree of synchronisation of financial markets. The basic approach is to construct timevarying correlations on the basis of a GARCH specification. In this paper we use a more sophisticated approach by modelling the volatility of exchange rates as a stochastic process whose conditional variance is subject to shifts in regime. In particular, we employ switching ARCH models, known as SWARCH models, pioneered by Hamilton and Susmel (1994) and Cai (1994) which allow statistical inference of breaks with minimal restrictions on the underlying data generating process. These contributions have paved the way for the introduction of a host of further models and have proved to be a catalyst for further research. Edwards and Susmel (2003) have extended the original model to the multivariate case while Susmel (2000) has generalised the original SWARCH model by introducing the exponential SWARCH or E-SWARCH model. A generalisation to SWGARCH models was developed by Gray (1996) and has subsequently been further developed by Haas et al. (2004) . Bollen et al. (2000) argue that different exchange rate policy regimes give rise to different exchange rate behaviour. Vigfusson (1997) has constructed a two-state Markov switching model for the Canada-U.S. exchange rate dynamics capturing chartists and fundamentalists in the market. Ahrens and Reitz (2004) have applied the Vigfusson´s (1997) model to German-U.S. data.
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The SWARCH modelling framework combines the ARCH modelling framework with the Markov-switching model. ARCH effects are included because they are usually found in financial series and, if ignored, might cause inefficient estimation of transition probabilities. On the other hand, the omission of switching parameters may cause an upward bias in the measure of the persistence of shocks in single-regime ARCH models. 10 In sum, SWARCH models contain two channels of volatility persistence, namely persistence due to shocks and persistence due to regime switching in the parameters of the variance process. 11 More specifically, we postulate the following univariate SWARCH (k,q) model of returns, r t : where q gives the order of the ARCH model, k is the number of regimes and the γ´s are scale parameters that capture the change in regime. One of the γ´s is unidentified and hence γ 1 for the regime with the lower volatility is arbitrarily normalised to 1. A sudden 9 Alternatively, Kallberg et al. (2005) have used the non-parametric method of Bai et al. (1998) to draw statistical inference about regime breaks in six Asian (spot) currency and equity markets (Indonesia, Malaysia, the Philippines, South Korea, Taiwan and Thailand). Independent of this stream of research, Andreou and Ghysels (2002) and Otranto and Gallo (2002) have proposed various tests for structural breaks in the conditional variance dynamics, and these often indicate multiple structural breaks in asset returns. 10 Lamoureux and Lastrapes (1990) have shown that high persistence in the conditional variance may be spurious in the presence of any structural change. In the SWARCH framework, a shock can be followed by a volatile period not only because of ARCH effects, but also because of the switch to the higher variance regime. This epitomises the "pressure-relieving" effect of the SWARCH set-up. 11 Diebold (1986) appears to have been the first to argue along these lines. The SWARCH literature has led to a substantial literature with different methodologies, scope and results. Ramchand and Susmel (1998) have investigated international stock market comovements over time according to switching ARCH (SWARCH) processes. They found that the two-state SWARCH model has a higher explanatory power than the run-of-the -mill time-varying GARCH(1,1) approach. Other applications of the SWARCH methodology include Edwards and Susmel (2001 Susmel ( , 2003 and Susmel (2000) . spectively.
BOFIT-Institute for Economies in
An important feature of (1) and (2) is that the parameters of the mean equation are constant across regimes, while the variances are state-dependent and changing across regimes. A particularly appealing feature of the model is that it allows us to date tranquil regimes versus periods of turmoil and therefore avoids any ad-hoc partitioning of the sample path. The SWARCH model assumes that the unobservable realisation of the states is governed by a discrete-time, discrete state Markov stochastic process with fixed transition probabilities and state-dependent variances. 12 The probability law that causes the economy to switch between (latent) regimes is then given by the (hidden) k-state first-order Markov
The transition probability parameter p ij represents the transition probability of going from state i to j. In the model, the transition probabilities are exogenous and constant, i.e. it is time itself and not the state of the economic environment that governs turning points. 13 A large p ii (i = 1, 2, ..., q) means that the model tends to stay longer in state i.
A byproduct of the maximum-likelihood estimation of the model is that we can make inferences about the state of the return series under consideration at any given date.
The filter probabilities denote the conditional probability that the state at date t is s t . These 12 There is no denying the attractions of the model, as many theories are naturally expressed in terms of regimes and the transition from one regime to another is often described by exogenous processes. A comprehensive review of the applications of Markov-switching models in econometrics can be found in Kim and Nelson (1999) . For a brief textbook treatment see Tsay (2005) , pp. 588-594. Only a few attempts have been made to test the ability of regime-switching ARCH and GARCH models to forecast high-frequency data. The results are not always encouraging. For a recent paper and review of the literature, see Marcucci (2005) . One must bear in mind, however, that the overall fit of exchange rate regressions using daily or weekly data is typically not high. This may help to explain why SWARCH or SWGARCH forecasts tend to yield unspectacular results. 13 Recall that Hamilton (1989) has assumed state-independent variances. The baseline Markov-switching model has been extended to allow for time-varying transition probabilities by McCulloch and Tsay (1993) and Filardo (1994) . Although the modelling approach is given exogenously -and thus it may be considered ad hoc -the two-state Markov chain allows agents´ sentiments to switch from one state to another in a manner reminiscent of Keynes´ "animal spirits".
probabilities are conditional on the values of r observed through date t. On the contrary, the smoothed probabilities are inferences about the state at date t based on data through the end of the sample. Therefore, smoothed probabilites represent the ex-post inference based upon the entire sample. 14 The empirical findings to emerge from this methodology are described in the next section.
Empirical results
We now turn to the estimation results and discuss the features that arise from the SWARCH modelling framework. Maximum-likelihood estimation is straightforward using standard techniques for dealing with Markov switching. 15 All standard errors are computed from the heteroscedasticity-consistent variance-covariance matrix as proposed by White (1992).
The estimation results for all countries under the various specifications are displayed in Tables 4 and 5.16 The upper sections of the Tables display the parameters and the corresponding t-values. The lower sections present the regime-specific parameters, the transition probabilities and the v degrees of freedom parameter for the t-SWARCH models.
In practice, we never know the true data-generating process. To rank performance across models and to avoid over-parameterised and numerically unwieldy models, we have therefore resorted to the most commonly used model selection criteria (AIC and BIC) to determine the appropriate lag length q as well as the appropriate conditional distribution. In only in a few cases (Korea, Singapore and Taiwan) do the two criteria generate conflicting 14 Like nearest neighbourhood kernel estimates, the smoothed probabilities are relatively insensitive to observations far away from t. See Kim and Nelson (1999) , chapter 4, for details. 15 However, maximum likelihood estimates may be plagued by the presence of multiple local maxima. Furthermore, one may encounter boundary problems when some transition probabilites p ij become 0 or 1. In practice, parameters are set within a "reasonable" range and we have tested whether a global maximum of the likelihood has been reached or not by choosing starting values in a ± 10 percent interval around the provisional "reasonable" parameter values. When models had trouble converging, we simplified the model rather than continuing the numerical search toward poorly identified over-parameterised models. 16 We have also considered the inappropriateness of the two-regime MS framework to capture the parameter variability of the process parameters over the sample period. We experimented with three-state SWARCH (k=3) models. This finer partitioning, however, did not lead to interpretable and reasonable results for the third regime against the background of the evolution of the returns. Furthermore, the two-regime specification suffices to capture the main empirical non-linearities. Results are available from the authors upon request. 2007 advice, i.e. no model clearly dominated the other. In these cases we have followed the BIC criterion since the BIC criterion selects the more parsimonious model.17
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How should one interpret the estimation results? First, note that although switching in volatility is allowed for most countries the assumption of a t-distribution for the conditional residuals does result in a higher likelihood than the normal distribution. The t-SWARCH model also allows us to capture the tail properties of the data adequately.18
Second, although there is no clear-cut "best" SWARCH model, we generally find two regimes with different volatility levels. In economic terms, the first regime (s = 1) pinpoints "normal" periods, while the second regime (s = 2) identifies periods with extraordinary shocks and captures the turbulent periods corresponding to the Asian crisis. Third, the SWARCH model turns out to be very powerful due to its ability to yield many significant parameter estimates, even when volatility regimes contain only a small number of observations. Fourth, since the "staying probabilities" p11 and p22 are high, the SWARCH model is characterised by long memory. In fact, [1/(1-pii)] is the expected duration of the process to stay in state i. For 0.95 < p11 < 0.99, the low volatility state 1 would be expected to last on average for 20-100 weeks. The range of 0.90 -0.99 for p22 implies that the high volatility state 2 typically lasts for 10-100 weeks. 17 As a further diagnostic check we have additionally tested whether the residuals appear to be white noise. We also did not find evidence of autocorrelation in the standardised squared residuals. 18 This coincides with the results in Mittnik and Paolella (2000) who have found that for modelling Asian exchange rates, employing the t-distribution performs better compared to Gaussian residuals. where the constant serves to normalise the measure to between 0 and 100. Good regime classification is associated with low RCM measures. A value of 0 means sharp (perfect) regime classification, while a measure of 100 implies that no information about the regimes is revealed. The no information case occurs when the probabilities hover around 0.5, boosting RCM towards 100. In a nutshell, the general pattern in Table 5 indicates that the SWARCH models deliver distinctive regime inference as the RCM´s are far from 100.
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In other words, the quality of regime classification measures in Table 6 provide some indication of the relevance of the regime switching approach. We now turn to a graphical enquiry of the estimated probabilities, i.e. we use the ability of the procedure to date regimes. In Figure 3 , we plot the weekly returns of U.S. futures with more regime switching behaviour and turbulence from high to low and back to high. In yet others (Korea, Malaysia and Singapore) volatility appears to be low throughout except during the Asian crisis. Similar patterns are replicated for the 1-year U.S. futures returns available in the Appendix. The "extra volatility" on the Chinese market at the end of the sample period has not come entirely out of the blue and is not accidental because an appreciating exchange rate was expected to help China to cool down its overheating economy.
Given the estimated probabilities, we are now in a position to assess in greater depth the question whether the Asian countries have followed the "leader", i.e. whether the renminbi NDF returns had some knock-on effects upon other Asian countries. In other words, we can calculate regime-dependent linkages of Asian on-shore and off-shore U.S. dollar futures, holding China as the dominant market. The low-and high-variance regimes are identified using Hamilton´s (1989) classification scheme in which an observation belongs to regime 1 or 2 whichever state´s conditional smoothed probability is higher than 0.5. Under this assumption, four different sets of correlations must be considered. 19 (1)
Chinese volatility low, other countries´ volatility low, (2) Chinese volatility low, other countries´ volatility high, (3) Chinese volatility high, other countries´ volatility low, and (4) Chinese volatility high, other countries´ volatility high. The results for these interrelations of volatility states when China is the "originator country" are given in Table 7 and   8. 20 19 We have also considered bivariate SWARCH models but finding models converging to a well-defined global maximum proved troublesome. The poor performance of the bivariate SWARCH is due to the complicated likelihood function being a mixture of all possible state configurations. We therefore restrict ourselves to tractable univariate SWARCH models and a two-step procedure to obtain state-dependent linkages across countries. 20 A problem with the econometric approach is that the nonstructural data-based approach hard wires policy parameters and therefore does not lend itself to answering questions of interest to policymakers. Despite their sound statistical background, SWARCH models are "black box" methods from an economic point of view.
The volatility co-movements should therefore not be interpreted as causal relationships. Notes: Brandner and Neusser (1992) suggest the rule that cross-correlations between detrended series exceeding 2/√T in absolute value are significant at the 5 percent level. The critical values in the 3 rd column of Table 6 and 7 have been calculated accordingly.
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In short, the results in Table 7 Traditionally, tests for market contagion assess whether cross-market correlation coefficients increase in turbulent periods. The three countries that appear to have a stronger interdependence with China in the turbulent regime vs. the tranquil regime are the three "mature Tigers" -Hong Kong, Singapore, and Taiwan -while for the remaining counties there is no evidence for increasing synchronisation in the remaining correlations.22 Prima facie, these findings appear to suggest that these three countries have experienced destabilising contagion. This view is not the consensus, however. One feature that must be taken into account to obtain consistent estimates of co-movements is the bias in cross-market correla- , then ρ ρ 1 2 > , giving the false appearance of contagion. To adjust for this, Forbes and Rigobon (2002) show that the adjusted (unconditional) correlation is given by 23 Boyer et al. (1997) have proposed similar bias-correction procedures. Corsetti et al. (2005) , however, have demonstrated that if return are not i.i.d., then the proposed bias-correction strategies tend to err in favour of the null hypothesis of no contagion. Bae et al. (2003) have developed a new approach to the measurement of market contagion. Instead of focussing on cross-market correlations, they evaluate contagion by assessing the coincidence of large positive and large negative returns across countries. In order to establish whether joint occurrences of large returns are larger than one would expect, they first calibrate the outcomes using monte Carlo simulations of the joint distribution of market returns with different assumptions about their dynamics (multivariate normal, multivariate Student-t, multivariate GARCH). They then develop an econometric model of co-exceedances. In their experiment, contagion is defined as the fraction of exceedance that is not explained in the regression model. Using daily stock returns, they conclude that contagion is more important in Latin America than in Asia. Forbes and Rigobon (2002) demonstrate that whenever adjusted statistics are used, there is virtually no evidence of a significant increase in correlation coefficients during the Asian crisis. These results can be interpreted as evidence that there was no contagion. In Table 9 we ascertain the statistical significance of the increase in the co-movements during stress periods employing the measures presented above. In synthesis, from the more efficient estimates displayed in Table 9 it is apparent that contagion was no relevant factor.
Conclusions and further comments
The degree of East Asian economic integration has been at the centre of a swathe of policy discussion and academic work in recent times. In this paper we attempt to provide additional insights into the degree of volatility dependence across Asian forward exchange rates. For this purpose, SWARCH models are estimated to capture the time-varying volatility dynamics of financial time series.
The contribution of our paper to this ongoing debate can be regarded as twofold.
First, we extend the existing literature by studying forward exchange rates across Asian countries. Without doubt, the use of the SWARCH approach allows for extracting more insightful implications than a traditional GARCH framework and gives rise to a plausible interpretation of nonlinearities. Second, the paper gives new insights into exactly how synchronised various future markets are. The results substantiate the claim that, thus far, the 24 A review of different modelling methodologies of contagion is provided by Dungey et al. (2004) .
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Volatility dependence across Asia-Pacific on-shore and off-shore U.S. dollar futures markets 32 knock-on effects from renminbi future returns have been modest, that is to say that little evidence arises of temporal conformity of the low versus high volatility regimes across China and other Asian countries despite the rapid increase in intra-regional trade flows. 25 This may indicate that the renminbi´s prospects of becoming a regional lead currency in the near future are limited. When testing for contagion during the 1997-1998 Asian crisis, the evidence and patterns tends to reject high volatility sychronisation. Such findings suggest that the degree of financial market integration currently existing in Asia is notably smaller than that which prevailed in Europe at the time of the ERM's introduction. 
